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We present covariant predictions of relativistic constituent quark models for pi and
η decay widths of N and ∆ resonances. The results are calculated for a model
decay operator within the point-form spectator approximation. It is found that
most theoretical values underestimate the experimental data considerably.
1. Introduction
It has long been of interest to describe strong decays of baryon resonances
with realistic constituent quark models (CQM). Most of the modern calcu-
lations have investigated the effects of the dynamics of the underlying CQM,
the nature of the decay operator (e.g., elementary emission vs. quark pair
creation) or relativistic corrections 1,2,3,4. In addition one has faced consid-
erable uncertainties regarding the phase-space factor, since the transition
amplitudes have not been derived in a relativistically invariant manner. Re-
cently, we obtained direct predictions of a relativistic CQM from a Poincare´
invariant calculation of baryon resonance decays in the pion channel 5.
The decay operator was based on the point-form spectator approximation
(PFSA), an approach that already proved successful in the description of
the electroweak structure of the nucleons 6.
2. Theory
Here, we study the π and η decays of N and ∆ resonances in a relativistic
approach. Specifically, the theory is formulated along Poincare´-invariant
quantum mechanics 7,8. We adhere to its point-form version, since it al-
lows to calculate the observables in a manifestly covariant manner 9. This
approach, being distinct from a field-theoretic treatment, relies on a rela-
1
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tivistically invariant mass operator with the interactions included according
to the Bakamjian-Thomas construction 10. Thereby it fulfils all symmetries
required by special relativity. At this instance, we use a rather simplified
model for the decay operator, because our first goal is to set up a fully
relativistic CQM formulation of strong decays of baryon resonances.
Baryons are simultaneous eigenstates of the mass operator Mˆ and the
four-velocity operator Vˆ (or equivalently of the four-momentum operator
P˜µ), the total-angular-momentum operator Jˆ , and its z-component Σˆ. We
denote these states by the corresponding eigenvalues |v,M, J,Σ〉. The tran-
sition amplitude for the decays is defined in a Poincare´-invariant fashion,
under overall momentum conservation (Mvin −M
′vout = Qπ), by
F (in→ out) = 〈vout,M
′, J ′,Σ′| Dˆα |vin,M, J,Σ〉
∼
∫
d3k2d
3k3d
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⋆
σ′
i
µ′
i
[RW (k
′
i, B (vout))]
∏
σi
D
1
2
σiµi [RW (ki, B (vin))]
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′
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′
3;σ
′
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′
2, σ
′
3| Dˆα |p1, p2, p3;σ1, σ2, σ3〉 , (1)
where the baryon wave functions Ψ⋆M ′J′Σ′ and ΨMJΣ enter as representa-
tions of the rest-frame baryon states 〈M ′, J ′,Σ′| and |M,J,Σ〉, respectively.
In a first attempt, we assume a decay operator in the PFSA with a
pseudo-vector coupling. In particular, the decay operator is given in the
form
〈p′1, p
′
2, p
′
3;σ
′
1, σ
′
2, σ
′
3| Dˆα |p1, p2, p3;σ1, σ2, σ3〉
=
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(
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3igqπu¯ (p
′
1
, σ′
1
) γ5γµλαu (p1, σ1)
×2p′
0
2
δ (~p2 − ~p
′
2
) 2p′
0
3
δ (~p3 − ~p
′
3
) δσ2σ′2δσ3σ′3
Qπµ
2m
, (2)
where gqπ is the pion-quark coupling constant, λ
α the flavour operator for
the particular decay channel, m the quark mass, and M as well as M ′ are
the masses of the decaying resonance and the final nucleon, respectively.
It should be noted that in PFSA the impulse delivered to the quark that
emits the pion is not equal to the impulse delivered to the baryon as a whole.
Thus, the momentum q˜ transferred to the single quark is a fraction of the
momentumQπ transferred to the residual nucleon; it is determined uniquely
by the overall momentum conservation and the two spectator conditions.
December 15, 2018 21:7 Proceedings Trim Size: 9in x 6in Melde
3
3. Results
In table 1 we show the direct predictions for the decay widths in the pion
channel for the Goldstone-Boson-Exchange (GBE) 11 and the One-Gluon
Exchange (OGE) 4 CQMs calculated in PFSA. We also include correspond-
ing results for the Instanton-Induced CQM (II) obtained in a Bethe-Salpeter
approach 12. It is clearly seen that all but one (the N∗
1535
) decay widths are
considerably underestimated for all of these relativistic models. Further-
more there is a general trend in the results, namely, the larger the branching
ratio into ∆π, the bigger the deviation of the theoretical results from the
experimental data. This becomes apparent from the comparison in the last
four columns of table 1, where we have quoted the ∆π branching ratios
and expressed the theoretical predictions as percentage values relative to
the experimental widths given by the PDG 13.
Table 1. Theoretical predictions for pi decay widths of various relativistic CQMs in
comparison to experimental data
Decays Experiment13 Rel. CQM ∆pi % of Exp. Width
→ piN939 GBE OGE II GBE OGE II
N⋆1440 (227 ± 18)
+70
−59
30 37 38 20− 30% 13 16 17
N⋆
1520
(66± 6)+ 9
− 5
17 16 38 15− 25% 26 25 58
N⋆1535 (67± 15)
+28
−17
93 123 33 < 1% 130 180 49
N⋆
1650
(109 ± 26)+36
− 3
29 38 3 1− 7% 26 35 3
N⋆1675 (68± 8)
+14
− 4
6 6 4 50− 60% 9 9 6
N⋆
1700
(10± 5)+ 3
− 3
1 1 0.1 > 50% 9 12 1
N⋆1710 (15± 5)
+30
− 5
4 2 n/a 15− 40% 27 15 n/a
∆1232 (119± 1)
+ 5
− 5
34 32 62 n/a 28 27 52
∆1600 (61± 26)
+26
−10
0.1 0.5 n/a 40− 70% 0 1 n/a
∆1620 (38± 8)
+ 8
− 6
10 15 4 30− 60% 27 38 11
∆1700 (45± 15)
+20
−10
3 3 2 30− 60% 6 7 4
In table 2 we show analogous predictions for the η decay channel. All but
two decay widths are quite small, what is congruent with the experimental
data. However, for the N⋆1535 and N
⋆
1650 decays the relative magnitudes are
opposite to the ones observed in experiments. In these cases there are also
appreciable difference between the relativistic and nonrelativistic results.
In summary the theoretical description of baryon resonance decays is
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by no means complete. In addition to the possible improvements expected
from a more refined decay operator, it appears necessary to include ex-
plicit couplings between different channels. Furthermore, a more realistic
description of the resonance wave functions beyond pure three-quark bound
states seems to be required.
Table 2. Theoretical predictions for η decay widths of the GBE and
OGE CQMs in comparison to experimental data and a nonrelativis-
tic calculation in the elementary emission model (EEM).
Decays Experiment13 Rel. CQM Models EEM GBE
→ ηN939 GBE OGE dir rec
N⋆1520 (0.28± 0.05)
+0.03
−0.01
0.04 0.03 0.03 0.05
N⋆
1535
(64 ± 19)+ 28
− 28
36 46 0.06 155
N⋆1650 (10± 5)
+ 4
− 1
72 95 0.9 288
N⋆
1675
(0± 1.5)+ 0.3
− 0.1
0.8 0.8 0.8 1.6
N⋆1700 (0± 1)
+ 0.5
− 0.5
0.4 0.4 0.2 0.4
N⋆
1710
(6± 1)+ 11
− 4
1.0 1.4 0.1 2.2
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